Aim: The aim of the present study was to evaluate immune modulatory effect of fractions of D. stramonium L. leaves on human peripheral blood mononuclear cells (PBMC) followed by assessment of cytotoxic abilities of immunomodulated PBMC toward cancer cells. Material and methods: Bioassay (PBMC proliferation) guided fractionation of methanolic leaf extract of D. stramonium was performed to get active fraction and LC-MS was performed to identify the phytocompounds present in the bioactive fraction. The immunomodulatory potential of D. stramonium active fraction was assessed by i) MTT microcytotoxicity assay using A549 (lung carcinomas) and MCF-7 (breast cancer) cell lines and ii) analyzing the production of IL-2 and IFN-γ by human PBMC in the presence of active fraction. Results: Chromatographic fractionation guided by PBMC proliferation assay of D. stramonium extract resulted in bioactive fraction (fraction-10) exhibiting significant immunostimulatory activity [EC 50 =19.1±1.5(µg/ml)] on human blood lymphocytes. Fraction-10 pretreated PBMC displayed enhanced cytotoxicity towards A549 and MCF-7 (59%±2.1% and 62%±2.3% at 1:20 effector:target ratio respectively). Moreover, fraction-10 also enhanced the secretion of IL-2 (8 fold) and IFN-γ (10 fold) by human PBMC. The preliminary phytochemical analysis of fraction-10 from D. stramonium showed the presence of terpenoids and steroids. LC-MS analysis depicted presence of four major phytoconstituents in fraction-10 as daturaolone, daturadiol, stigmasterol and sitosterol with corresponding mass spectrum (m/z) of 440, 442, 412 and 414 respectively. Conclusion: The present report concluded that active fraction-10 of D. stramonium possesses potential immunostimulators that are capable of enhancing anticancer responses of human blood lymphocytes.
INTRODUCTION
Cancer is a dreadful disease which is continuously spreading with enhanced mortality rate. 1 Immunomodulation has become as a revolutionary therapy for cancer which has been designed as an alternative and complementary to the conventional treatments. Medicinal plants have been studied with greater interest in the recent years as they have found to possess immunomodulatory activity that has been used in the treatment of many human ailments.
2 D. stramonium L. is an annual herb from the Solanaceae family which is commonly known as Thorn apple or Jimson weed. It has been reported that D. stramonium possesses many therapeutic properties like anti-inflammatory, antiasthematic and antioxidant activities.
3-5 D. stramonium is a rich source of tropane alkaloids like anticholinergic drugs atropine and scopolamine andalso consists of many other active phytochemical constituents like flavonoids, terpenoids, steroids, withanolides, glycosides, saponins, tannin, carbohydrates which have shown various biological activities. 6 Ahmad et al., (2009) reported that aqueous leaf extract of D. stramonium showed cytotoxic effects against head and neck, breast and lung cancer cell lines with exposure for 24 to 48 h. 7 Datura lactones isolated from D. quercifolia have shown immunomodulatory activity on mouse splenocytes with enhanced antibody production, T and B cells activation and increased cytokine secretion. 8 The immunomodulatory effect of total and protein extract from D. stramonium has been studied by Daoudi et al., (2013) on mouse splenocytes and showed significant immunostimulatory activity. 9 To the best of our knowledge this is the first study demonstrating immunostimulatory activity of D. stramonium on human PBMC leading to cancer cell killing. In this context, bioassay guided fractionation 10 of D. stramonium methanolic leaf extract was performed to obtain bioactive fraction. The effect of D. stramonium bioactive fraction was analysed on human peripheral blood lymphocytes by employing a whole cell assay system 11 where A549 and MCF-7 cancer cells were used as targets. LC-MS analysis was also carried out to determine the major components present in the bioactive fraction.
MATERIAL AND METHODS

Reagents and chemicals
DMEM (HiMedia, India), RPMI-1640 (HiMedia, India), penicillin and streptomycin (HiMedia, India), FBS (Gibco, US), DMSO and Con A (HiMedia, India), MTT (HiMedia, India), methanol, chloroform, hexane and ethyl acetate (HiMedia, India). 
Collection of Plant material
Preparation of plant extracts and fractions
D. stramonium leaves were air dried (6 Kg) and methanolic extract was prepared by hot continuous extraction at 60°C with 150 ml of methanol. Further fractionation was performed by acidifying the crude extract (30 g) with 5% HCl and then purified with chloroform (40 ml) to obtain non-alkaloid fraction (10 g). Alkalised the remaining extract with ammonia solution and again extracted with successive portions of chloroform (40 ml) to get alkaloid fraction (7 g ). 12 The non-alkaloid fraction was subjected to column chromatography on silica gel (60-120 mesh) eluting with chloroform:methanol (3:2v/v) and resulted into four sub fractions. Bioactivity of these four sub fractions were analyzed by proliferation assay. Bioactive sub fraction (F2) (5 g) was further chromatographed using a gradient elution with mixture of n-hexane and ethyl acetate and a total of thirteen fractions were obtained. All thirteen fractions were screened via MTT assay.
Phytochemical analysis of bioactive fraction-10 from D. stramonium Various biochemical tests were performed on bioactive fraction-10 of D. stramonium for the preliminary screening of phytochemicals. The following tests were then performed on fraction-10 for the presence of phytocompounds; 13, 14 Alkaloids: Few drops of Mayer's reagent were added to the fraction-10. Formation of white or pale yellow colour indicates the presence of alkaloids. Carbohydrates: Few drops of benedict's reagent were added to the fraction-10 and then boiled in water bath for 2 minutes. Formation of yellow, green or brick red colour indicates the presence of carbohydrates. Terpenoids: 2 ml chloroform was added to the dried powder of fraction-10 followed by few drops of sulphuric acid. Solution became red which indicates the presence of terpenoids. Steroids: Dried powder of fraction-10 was dissolved in chloroform (2ml) followed by ten drops of acetic anhydride and then two drops of conc. sulphuric acid was added. Colour of solution changed from red to blue indicates the presence of steroids. 
LC-MS analysis of fraction-10
The LC-MS analysis was performed to identify the compounds present in bioactive fraction (fraction-10). Separations were made on C-18 column (Atlantis TM ) (5 μm particle size, L×I.D.15×4.6 mm) using acetonitrilewater (9:1) isocratic elution. The flow rate was set at 0.5 ml/min and the detection was made by using a Photodiode array detector (PDA). Mass analysis was done using Electro-spray ionization (ESI) mode (3000 voltage and pH range2-9 etc). The compounds were identified with the help of spectral data and by comparing with reports given in the literature. 15 
Cell lines
Human cancer cell lines A549 (lung) and MCF-7 (breast) were purchased from the National Centre for Cell Science, Pune, India. Cell lines were maintained in DMEM supplemented with penicillin (100 units/ ml), streptomycin (100 mg/ml) and 10% FBS. Cells were incubated at 37°C in a humidified, 5% CO 2 atmosphere.
Preparation of PBMC
Blood (15-20 ml) was collected from healthy human donors and the present work has been carried out in compliance with the ethical committee guidelines of Shoolini University with IEC no. SUIEC/14/01. PBMC were isolated from blood using Lymphocyte Separation Media (HiMedia) according to manufacturer's instructions. 16 The lymphocytes were washed with PBS and resuspended in RPMI-1640 media supplemented with 10% FBS and antibiotics. Cell counting was performed to determine the PBMC number with equal volume of trypan blue.
Cell viability Assay
The effect of plant extracts on cell viability was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) MTT assay. Briefly, PBMC (5x10 5 cells/ ml) were seeded in RPMI-1640 medium in a 96-well plate. After overnight incubation the cells were treated with fractions obtained from D. stramonium at different concentrations. Concanavalin A (Con A) (10 μg/ml) treated PBMC and DMSO treated PBMC were used as positive and negative controls respectively. The plates were incubated in 37°C, 5% CO 2 for 48 h. For MTT assay, 10 μl MTT (5 mg/ml) was added into each well to generate formazan, and then cells were incubated in humidified atmosphere with 5% CO 2 at 37°C for 4 h. After removing the supernatant, 100 μl DMSO was added to dissolve the purple crystal. The optical density of each well was measured at 595 nm by a microplate reader. Each experiment was performed in triplicates for three times. The percentage of proliferation was calculated by the following formula: %Proliferation = (OD sample -OD control) / OD control × 100
Co-culture MTT micro-cytotoxicity assay Cancer cell lines A549 and MCF-7 (Target-T) seeded into the 96-well plate and cultured at 37°C in an atmosphere of 5% CO 2 to allow them to adhere overnight. PBMC (Effectors-E) were treated with fraction-10 at 10 μg/ml for 48 h. After 48 h incubation treated PBMC were washed twice and cultured with cancer cell lines A549 and MCF-7 at several E:T ratios (1:2.5, 1:5, 1:10 and 1:20) and incubated in 37°C, 5% CO 2 for another 24 h. After the co-culture incubation period, 150 μl media and the suspended cells were discarded and washed twice with media. After that, 20 μl of MTT at 5 mg/ml was added into each well containing 180 μl media and incubated for 4h in CO 2 incubator. 150 μlof medium with MTT was removed from every well and 100 μl DMSO was added to each well to solubilise the formazan crystal by incubating for 20 min in CO 2 incubator. Finally, the plate was read at 595 nm wavelength by using ELISA Reader. 17 
Determination of extra-cellular IFN-γ and IL-2
The secretion of IFN-γ and IL-2 was analyzed using cytokine ELISA kit (BD Biosciences). PBMC were treated with fraction-10 at 10 μg/ml for 48 h. The supernatant from control and treated PBMC were subjected to ELISA for the determination of extracellular IFN-γ and IL-2 level as per kit instructions.
Statistical analysis
Data represents the results of three independent experiments done in triplicates; standard deviation and level of significance (p value) were calculated by using Graph Pad QuickCalc: t test with the help of statistical software Graph Pad Prism version 6.0. The values were considered significant when p<0.05.
RESULTS
Bioassay guided fractionation
The immunomodulatory activity of non-alkaloid and alkaloid fractions was analyzed by MTT assay. The data revealed that non-alkaloid fraction significantly enhance proliferation of human PBMC at higher concentration (100 and 200 µg/ml) after 48 h of incubation ( Figure 1A ). Therefore non-alkaloid fraction was further chromatographed and four broad range sub fractions were collected. PBMC proliferation assay suggested that sub fraction-2 possesses significantly higher (69 ± 0.6%) immunostimulating capability at 10 µg/ml as compared to other fractions ( Figure 1B) . The sub fractions-1, 3 and 4 showed only 38 ± 2.6, 34 ± 3.1 and 36 ± 2.4% proliferation respectively at 10 µg/ml. tor) 18 having EC 50 value 26.7 ± 0.47 µg/ml. Table 1 shows EC 50 values of all thirteen fractions as determined by human lymphocyte proliferation assay. Further preliminary phytocompound analysis showed the presence of terpenoids and steroids in fraction-10 ( Table 2) .
LC-MS characterization of bioactive fraction-10
LC-MS spectral data of fraction-10 showed abundant presence of two triterpenoids, daturaolone and daturadiol with corresponding m/z of 440 (45%) and 442 (18%) respectively. Besides two steroids; stigmasterol (m/z 412) (15%) and sitosterol (m/z 414) (10%) were also identified 15 ( Figure 2 ).
Co-culture anticancer effect of activated PBMC
As shown in Figure 3A fraction-10 (10 µg/ml) treated PBMC showed 59 ± 2.1% cell cytotoxicity towards A549 lung adenocarcinoma at 1:20 The sub fraction-2 was rechromatographed in thirteen narrow range fractions. On the basis of proliferation bioassay, among 13 fractions, fraction-10 showed significantly higher mitogenic activity at a concentration range of 10-40 µg/ml in a dose dependent manner after 48 h of incubation (data not shown). The highest proliferation was exhibited by fraction-10 at 10 µg/ml with EC 50 (half maximal effective concentration) value 19.1 ± 1.5 µg/ml when compared to Con A (standard T cell activa-ratio after 24 h whereas DMSO treated PBMC (negative control) showed only 11 ± 3.1% cytotoxicity. Similarly when MCF-7 cells were taken as target cells, fraction-10 treated PBMC exhibited highest cytotoxicity (62 ± 2.3%) at 1:20 E:T ratio as compare to DMSO treated PBMC ( Figure 3B ). These anticancer effects shown by fraction-10 stimulated PBMC were even higher than the PBMC treated with Con A which is known stimulating agent of T cells. 18 
Production of cytokines
Pre exposure to fraction-10 increased IL-2 (8 fold) and IFN-γ (10 fold) production by human PBMC after 48h of incubation as compare to the control treated PBMC (Figure 4) .
DISCUSSION
It has been reported earlier that non-alkaloids and alkaloids from medicinal plants exhibited substantial immunostimulating activity 8, [19] [20] [21] therefore methanolic extract of the D. stramonium leaves was fractionated into non-alkaloid and alkaloid fractions. MTT assay revealed that non-alkaloid fraction possess immunostimulatory effect on human lymphocytes. Further non-alkaloid fraction was chromatographed and eluted into four broad range sub fractions. Initially the bioactivity of these four sub fractions was analysed at a concentration range of 25-200 µg/ml and it was found that at higher concentration these sub fractions were cytotoxic towards human PBMC whereas at a lower concentration range (2.5-20 µg/ml) these sub fractions enhanced human PBMC proliferation. This phenomenon has been reported earlier where immunomodulator demonstrated cytotoxic activity at higher concentrations and increased cell proliferation at lower concentrations. 22 Data revealed that sub fraction 2 showed higher immunostimulatory activity (69 ± 0.6%) at 10 µg/ml as compared to other sub fractions leading to rechromatographic fractionation of the sub fraction 2 into thirteen narrow range fractions. All thirteen fractions were subjected to MTT assay that led to identification of the fraction-10 which exhibited highest mitogenic activity [EC 50 =19.1 ± 1.5 (µg/ml)]. Fraction-10 was further analysed for phytochemical screening and data showed the presence of terpenoids and steroids. It has been proved in the literature that terpenoids and steroids from medicinal plants possess immunomodulatory activities. [23] [24] [25] Triterpenoids like lupeol, ursolic acid, oleanolic acid, betulinic acid have been shown to exhibit immunostimulatory effects both on mouse models and on human PBMC. 23, 25, 26 In addition, LC-MS study bring about identification of four major phytocompounds in the fraction-10 as daturaolone, daturadiol, stigmasterol and sitosterol. Earlier it has been reported in literature that daturaolone could affect immune system as they were able to elicit anti inflammatory responses in mouse model 27 whereas daturadiol has shown anticancer activities. 28 Similarly, stigmasterol and sitosterol have been studied for their immunostimulatory activity on human PBMC and mouse model. 24, 29 Taken collectively our findings and earlier reports suggest that these four major phytoconstituents identified in fraction-10 might be responsible for the enhanced proliferation of the human PBMC. To evaluate anticancer immune responses generated by PBMC pretreated with fraction-10, we performed MTT microcytotoxicity assay. In such an assay system, target cell lysis was induced by interaction between immune cells and target cells that mimics in vivo conditions where immune cells interact with cancer cells leading to their cell death. 17, 30 As lung and breast cancer are the most common cancers worldwide found in males and females respectively, 31 therefore A549 and MCF-7 were chosen as representative cancer target cells. Data revealed that pretreated PBMC exhibited enhanced cytotoxicity towards A549 and MCF-7 (59% ± 2.1% and 62% ± 2.3% at 1:20 effector:target ratio respectively). Co-culture MTT microcytotoxicity assay showed that both activated and non-activated PBMC could induce the immune cells cytotoxic effects on cancer cells. PBMC contain T-cells, B cells and natural killer cells (NK) at a ratio of 80, 10 and 10% respectively 32 and it has been mentioned in the literature that NK and cytotoxic T lymphocytes (CTL) are involved in killing of cancer cells. 33 Thus the reduction in the viability of A549 and MCF-7 cells in co-culture assay may be due to the enhanced cytolytic activity of lymphocytes that have been treated with D. stramonium fraction-10. Moreover, fraction-10 pretreated PBMC increased the production of IL-2 and IFN-γ by 8 fold and 10 fold respectively. Previously it has been reported that these cytokines play an important role in innate/acquired immune responses and tumor suppression 34 as IFN-γ and IL-2 have the ability to activate immune cells including macrophages, NK cells and CTLs which have well known cancer cell killing capabilities. 35, 36 The increased level of IFN-γ and IL-2 indicates that D. stramonium fraction-10 might be stimulating anticancer immune responses mediated through human lymphocytes. Taken together, present research explored the in vitro immunostimulatory potential of bioactive fraction-10 from D. stramonium that boosts the immune cells and enhances their anticancer abilities against human lung and breast cancer cells.
